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(57) ABSTRACT

An electroless plating process includes providing a semi-
conductor substrate which has a substrate and a copper pillar
disposed on the substrate; providing a tin-silver plating
solution includes 0.1-50 wt % tin and 1x10°-2 wt % silver;
and performing a reduction reaction, wherein the semicon-
ductor substrate is disposed in the tin-silver plating solution
for making tin and silver of the tin-silver plating solution
deposit jointly on the copper pillar surface to form a tin-
silver co-deposition layer. The tin-silver co-deposition layer
is able to enhance the coupling strength between the copper
pillar of the semiconductor substrate and the other semicon-
ductor substrate and is also able to reduce the time and cost
of the process performing tin-plating and silver-plating
separately.

9 Claims, 5 Drawing Sheets
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1
ELECTROLESS PLATING PROCESS AND
TIN-SILVER PLATING SOLUTION THEREIN

FIELD OF THE INVENTION

The present invention relates to an electroless plating
process, particularly relates to an electroless plating process
capable of reducing process time and cost.

BACKGROUND OF THE INVENTION

In conventional electroless plating process, plating a tin
layer onto surface of a copper pillar of a semiconductor
substrate for preventing copper oxidation, then plating a
silver layer for making the copper pillar is able to connect
with the other semiconductor substrate. The time and cost of
the process will be relatively higher due to perform tin-
plating and silver-plating separately. Besides, the silver layer
on the copper pillar of the semiconductor substrate is formed
on the tin layer after tin plating process. Therefore, the
coupling strength will be weaker when the semiconductor
substrate connects with the other semiconductor substrate by
the copper pillar.

SUMMARY

The primary object of the present invention is to provide
an electroless plating process and a tin-silver plating solu-
tion used for performing the electroless plating process. A
tin-silver co-deposition layer is formed on surface of a
copper pillar of a semiconductor substrate, wherein the
tin-silver co-deposition layer is able to enhance the coupling
strength between the copper pillar of the semiconductor
substrate and the other semiconductor substrate and is able
to reduce the time and cost of the electroless plating process
performing tin-plating and silver-plating separately.

An electroless plating process of the present invention
includes providing a semiconductor substrate having a sub-
strate and at least one copper pillar disposed on the substrate;
providing a tin-silver plating solution includes 0.1-50 wt %
tin and 1x107-2 wt % silver; performing a reduction
reaction, wherein the semiconductor substrate is disposed in
the tin-silver plating solution for making tin and silver of the
tin-silver plating solution deposit jointly on the copper pillar
to form a tin-silver co-deposition layer. The tin-silver co-
deposition layer is able to enhance the coupling strength
between the copper pillar of the semiconductor substrate and
the other semiconductor substrate and is able to reduce the
process time and cost of conventional electroless plating
process that perform tin-plating and silver-plating sepa-
rately.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart illustrating an electroless plating
process in accordance with an embodiment of the present
invention.

FIGS. 2 to 5 are flow diagrams illustrating the electroless
plating process in accordance with the embodiment of the
present invention.

FIG. 6 is an electron microscope image of a lateral surface
of a semiconductor substrate in accordance with the embodi-
ment of the present invention.

FIGS. 7A and 7B are composition analyzing data of a
tin-silver co-deposition layer by using a scanning electron
microscope/energy dispersive spectrometer (SEM/EDS).
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DETAILED DESCRIPTION OF THE
INVENTION

With reference to FIG. 1, an electroless plating process 10
in accordance with an embodiment of the present invention
includes step 11 of providing a semiconductor substrate, step
12 of performing a micro etching procedure, step 13 of
performing a first cleaning procedure, step 14 of providing
a tin-silver plating solution, step 15 of performing a reduc-
tion reaction and step 16 of performing a second cleaning
procedure.

With reference to FIGS. 1 and 2, in the step 11 of
providing a semiconductor substrate, a semiconductor sub-
strate 100 is provided, wherein the semiconductor substrate
100 has a substrate 110 and at least one copper pillar 120
disposed on the substrate 110.

With reference to FIG. 1, the step 12 of performing a
micro etching procedure is performed after the step 11 of
providing a semiconductor substrate. The micro etching
procedure uses a 1-20 wt % etching solution to micro etch
the surface of the copper pillar 120 for 1-5 minutes, wherein
the etching solution is used to remove oxides and contami-
nants on the surface of the copper pillar 120. In this
embodiment, the micro etching procedure uses 1 wt %
copper sulfate (CuSo,) etching solution to micro etch the
surface of the copper pillar 120 for 1 minute.

With reference to FIG. 1, the step 13 of performing a first
cleaning procedure is performed after the step 12 of per-
forming a micro etching procedure. The first cleaning pro-
cedure uses liquid at 30-60 degrees Celsius to clean the
semiconductor substrate 100 for 1-5 minutes, wherein the
liquid at 30-60 degrees Celsius is used to remove the etching
solution remained on the surface of the copper pillar 120. In
this embodiment, the first cleaning procedure uses deionized
water at 40 degrees Celsius to clean the semiconductor
substrate 100 for 3 minutes.

With reference to FIGS. 1 and 3, the step 14 of providing
a tin-silver plating solution is performed after the step 13 of
performing a first cleaning procedure. A tin-silver plating
solution 200 includes 0.1-50 wt % tin and 1x107°-2 wt %
silver is provided, and the tin-silver plating solution 200 is
disposed in an electroless plating tank A.

With reference to FIGS. 1, 4 and 5, the step 15 of
performing a reduction reaction is performed after the step
14 of providing a tin-silver plating solution. The semicon-
ductor substrate 100 is disposed in the tin-silver plating
solution 200 for performing the reduction reaction. The
reaction temperature of the reduction reaction is controlled
between 40 and 90 degrees Celsius, and the reaction time of
the reduction reaction is controlled between 5 and 20
minutes for making tin and silver of the tin-silver plating
solution 200 deposit jointly on the surface of the copper
pillar 120 to form a tin-silver co-deposition layer 210
(referring to FIG. 6). The tin-silver co-deposition layer 210
is able to enhance the coupling strength between the copper
pillar 120 of the semiconductor 100 and the other semicon-
ductor substrate. In this embodiment, the reaction tempera-
ture of the reduction reaction is 80 degrees Celsius, and the
reaction time of the reduction reaction is 15 minutes.

With reference to FIG. 1, the step 16 of performing a
second cleaning procedure is performed after the step 15 of
performing a reduction reaction. The second cleaning pro-
cedure uses liquid at 30-60 degrees Celsius to clean the
semiconductor substrate 100 for 1-5 minutes, wherein the
liquid at 30-60 degrees Celsius is used to remove the
tin-silver plating solution 200 remained on the surface of the
semiconductor substrate 100. In this embodiment, the sec-
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ond cleaning procedure uses deionized water at 40 degrees
Celsius to clean the semiconductor substrate 100 for 3
minutes.

With reference to FIG. 6, an image of a lateral surface of
the semiconductor substrate 100 treated with the electroless
plating process 10 is captured by a scanning electron micro-
scope (SEM). The surface of the copper pillar 120 forms the
tin-silver co-deposition layer 210 after the electroless plating
process 10. With reference to FIGS. 7A and 7B, the com-
position of the tin-silver co-deposition layer 210 is analyzed
by the scanning electron microscope/energy dispersive spec-
trometer (SEM/EDS). The composition of the tin-silver
co-deposition layer 210 includes tin (Sn), silver (Ag), copper
(Cu), aluminum (Al), silicon (Si) and nitrogen (N), wherein
copper (Cu) from the copper pillar 120, aluminum (Al),
silicon (Si) and nitrogen (N) from the substrate 110. The
composition analysis is able to verify that tin and silver of
the tin-silver plating solution 200 is able to form the tin-
silver co-deposition layer 210 on the surface of the copper
pillar 120.

While this invention has been particularly illustrated and
described in detail with respect to the preferred embodi-
ments thereof, it will be clearly understood by those skilled
in the art that is not limited to the specific features shown and
described and various modified and changed in form and
details may be made without departing from the spirit and
scope of this invention.

What is claimed is:

1. An electroless plating process includes:

providing a semiconductor substrate having a substrate
and at least one copper pillar disposed on the substrate;

performing a micro etching procedure using an etching
solution having 1-20 wt % solute in reference to a total
amount of etching solution used to micro etch the
copper pillar surface;

providing a tin-silver plating solution includes 0.1-50 wt
% tin and 1x1073-2 wt % silver; and

performing a reduction reaction, the semiconductor sub-
strate is disposed in the tin-silver plating solution for
making tin and silver of the tin-silver plating solution
deposit jointly on the copper pillar surface to form a
tin-silver co-deposition layer, wherein the tin-silver
co-deposition layer is able to enhance the coupling
strength between the copper pillar of the semiconductor
substrate and another semiconductor substrate.
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2. The electroless plating process in accordance with
claim 1, wherein the reaction temperature of the reduction
reaction is controlled between 40 and 90 degrees Celsius.
3. The electroless plating process in accordance with
claim 1, wherein the reaction time of the reduction reaction
is controlled between 5 and 20 minutes.
4. The electroless plating process in accordance with
claim 1, wherein the time of the micro etching procedure is
controlled between 1 and 5 minutes.
5. The electroless plating process in accordance with
claim 1 further includes a first cleaning procedure performed
after the micro etching procedure, wherein the first cleaning
procedure uses liquid at 30-60 degrees Celsius to clean the
semiconductor substrate for 1-5 minutes to remove the
etching solution remained on the copper pillar surface.
6. The electroless plating process in accordance with
claim 1 further includes a second cleaning procedure per-
formed after the reduction reaction, wherein the second
cleaning procedure uses liquid at 30-60 degrees Celsius to
clean the semiconductor substrate for 1-5 minutes to remove
the tin-silver plating solution remained on the semiconduc-
tor substrate.
7. An electroless plating process includes:
providing a semiconductor substrate having a substrate
and at least one copper pillar disposed on the substrate;

providing a tin-silver plating solution includes 0.1-50 wt
% tin and 1x107°-2 wt % silver;

performing a reduction reaction, the semiconductor sub-
strate is disposed in the tin-silver plating solution for
making tin and silver of the tin-silver plating solution
deposit jointly on the copper pillar surface to form a
tin-silver co-deposition layer, wherein the tin-silver
co-deposition layer is able to enhance the coupling
strength between the copper pillar of the semiconductor
substrate and another semiconductor substrate; and

performing a cleaning procedure using liquid at 30-60

degrees Celsius to clean the semiconductor substrate
for 1-5 minutes to remove the tin-silver plating solution
remained on the semiconductor substrate.

8. The electroless plating process in accordance with
claim 7, wherein the reaction temperature of the reduction
reaction is controlled between 40 and 90 degrees Celsius.

9. The electroless plating process in accordance with
claim 7, wherein the reaction time of the reduction reaction
is controlled between 5 and 20 minutes.
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